The effect of using freeze-dried shocked culture or barley extract in the manufacture of UF Feta-cheese made from ultrafiltreted retentate containing different levels of either barley extract at ratio of 0.05% and 0.1% respectively, or freeze-shocked culture of L. delhrueckii subsp. helveticus at ratio of 1% and 2% respectively, on ripening process and quality was studied. Addition of barley-extract did not significantly affect the moisture, fat, total nitrogen or salt content of the resultant cheeses, but significantly increased its acidity, while the incorporation of the freeze-shocked starter cultures had no significant effects on the gross chemical composition of cheeses. These additives significantly increased the formation of soluble nitrogenous compound, free volatile fatty acids, flavour intensity and improved the body and texture characteristics of UF Feta cheese. Especially the cheese made with 0.1% barley extract and 0.2% of freeze-shocked starter culture of L. delhrueckii subsp. helveticus which resulted in higher quality after 15 -30 days of ripening than the other treatments. Microbial counts during preservation of both types of cheese increased steadily and reached similar levels, with the exception of Coliformbacteria. All types of cheese produced with barley extract or freeze-shocked culture as a starter were approved and accepted by the panel during the preliminary sensory evaluation compared to commercial feta-cheese.
INTRODUCTION
Ripening of cheese involves microbiological and biochemical changes resulting in its characteristic flavour and texture of different cheese variaties. Proteolysis is the most important and complex primary biochemical events that occur in most cheeses during ripening (McSweeney, 2004) . Different methods developed for accelerated cheese ripening have been reviewed by several investigators (El-Soda 1993 and Wilkinson & Kilcowley, 2005) . One of the possible approaches is to enhance the enzyme systems involved in the breakdown of casein into different soluble peptides and amino acids which serve as cheese flavour precursors. Increasing the level of starter proteolytic enzymes in cheese by using the physically modified starters (heat or freeze-shocked) have been attempted to accelerate the ripening of many cheese varieties (Johnson et al., 1995; Kebary et al., 1996 , 1999 and Madkor et al., 2000 , who could enhance cheese flavour without development of bitter taste. Barley extract appears to be a potential source of dipeptidase, proteinase and carboxy-peptidase that can be used in cheese making and to the accelerate ripening of Cheddar, Gouda and Edam cheeses (Frey, 1986; and Zaki and Salem 1992) . In the present study, attention was focused on evaluating the effectiveness of adding freeze-shocked starter cultures of L. delbrueckii subsp. helveticus and barley extract on the quality and ripening properties of UF Feta-cheese made from ultrafiltreted retentate.
MATERIALS AND METHODS Materials Milk Samples
Fresh cow's milk (3% fat and 8.50% solids not fat) and Ultrafiltreted milk retentate ( 3 5 % total solids) of the same milk w e r e obtained f r o m the International Dairy and Foods Company (Green Land, Al-Asher men Ramadan City, Egypt).
Rennet and microbial strains
A standard animal rennet powder (1:100000) was obtained from L.C.Glad Company A / S, Copenhagen, Denmark.
Lactic starter cultures composed of L. delbrueckii subsp. bulgaricus, S. salivarius subsp. thermophilus and L. delbrueckii subsp. helveticus were obtained from Chr-Hansen's Company (Horsholm, Denmark).
Other materials
Glucono-Delta-Lactone (GDL) was obtained from the Sigma Chemical Company, (St. Louis, Mo. USA).
Barley was obtained from El-Ahram Beverages Company, El-Azazi, Sharkia Governorate, Egypt and used in the preparation of enzymes.
Methods Preparation of freeze-shocked culture
Starter culture of L. delbrueckii subsp. helveticus was freeze-shocked as described by Frey et al., (1986) , as follows: the strain of L . delbrueckii subsp. helveticus was grown to three successive subcultures in reconstituted skim milk (11.5%TS) for 16-18 hrs at 37°C. From the third subculture, the inoculum for cheese making was prepared by growing the cells in MRS broth (DeMan et al., 1960) for 10-12 hours at the same temperature previously mentioned and a constant pH of 5.8 (A 50% NH 4 OH, solution was used to neutralize acid production). Then, the cultures were harvested by centrifugation at 10000 xg at 4°C, and washed three times with 0.01 N phosphate buffers, pH 6.5 and suspended in this buffer. The cells suspensions were frozen at -20°C for 24 hours. Freeze-shocked cultures was thawed before being used Barley extract preparation Barley extract was prepared according to the procedure given by Frey et al., (1986) . Dry barley grains were soaked in tap water for 24 hrs, then removed, and germinated for about 4-5 days; during this, the grains were sprayed with water. One kilogram of germinated barley was blended using and mixed with 2 liters of 0.01 N phosphate buffer, pH 4.5, a blender was incubated for one hour at 5°C. The homogenate mixture was centrifuged at 5000xg for 30 min. Ammonium sulfate was added to the supernatant at the ratio of 40% (w/w), incubated for two hours at 5°C and centrifuged at 5000 xg for 30min. The supernatant was discarded and the precipitate was added to UF Fetacheese at the ratios of 0.05 and 0.1%. Cheese manufacture UF Feta-cheese was made according to the procedure described by Tamime and Kirkegaard (1991) , with some modifications. Cow's milk retentate (35% total solids) was heated to 75°C / 15 sec., and then cooled to 35°C. The retentate was mixed with 0.5% starter culture containing L. delbrueckii subsp. bulgaricus and S. salivarius subsp. thermophilus at a ratio (1:1), and 0.02% calcium chloride. GDL was used in an amount that decreased the pH of retentate to be around 5.2, and then the mixture was salted (4%) and divided into five portions and treated as follows: a) the first and second portions were incubated with 1% and 2% of freeze-shocked starter culture of L. delbrueckii subsp. helveticus, respectively, then renneted and converted into UF Feta-cheese. b) The third and fourth portions, were treated with 0.05% and 0.1% of barley extract, respectively, then renneted and converted into UF Feta-cheese. c) The fifth portion was renneted without additives and converted into UF Feta-cheese as a control. The resultant cheeses of all treatments were pickled in 12% brine solution and stored at 8 ± 2°C for 8 weeks. Three replicates were made for each treatment. Samples were taken when fresh and after 2, 4 and 8 weeks of cheese ripening period for chemical analysis, bacteriological examination and organoleptic evaluation.
Chemical analysis
All cheese samples were chemically analysed for moisture and salt contents by the method of IDF (1982); titratable acidity, fat content and total volatile fatty acids were measured according to standard methods (AOAC, 2000) . Total nitrogen (TN), and non-protein nitrogen (NPN) contents were determined by the semi-micro Kjeldahl method described by IDF (1993) , the water soluble nitrogen (WSN) content in cheese was determined according to Kuchroo and Fox (1982) . And phospho-tungstic acid 5% soluble nitrogen (PTA-SN or AN) was determined according to Jarrett et al., (1982) . Total volatile fatty acids in cheese samples were determined according to the method of Kosikowski (1982) .
Microbial examination
Ten g of cheese sample were placed in sterile mortar and homogenized with 90ml of sterile ringer solution. Total bacterial counts of UF Feta-cheese was determined according to the American Public Health Association , (APHA,1992) by plating suitable dilutions in duplicates on nutrient agar medium (Oxoid limited, 2005) with incubation at 37°C for 3 days. Yeasts and moulds were cultivated on Potato Dextrose Agar (Merk, Germany) (pH3.5) at 24°C for 4 days. Coliform bacteria were determined on MacConkey Agar (Merk, Germany) at 37°C for 24 hours.
Organoleptic evaluation
Organoleptic properties of UF Feta-cheese were assessed by nine staff members of Food Science Department, Faculty of Agriculture, Zagazig University. Cheeses were evaluated for sensory attributes according to Vafopoulou et al., (1989) with maximum score points of 40 for flavour and 20 for body and texture.
Statistical analysis
Experiments were performed in triplicate and ranked order of the means were analysed using one way analysis of variance, ANOVA (on the basis of complete randomized design) from COSTAT software (Version 3.6).
RESULTS AND DISCUSSION Gross Chemical Composition
Table (1) shows that the addition of freeze-shocked culture of L. delbrueckii subsp. helveticus at levels of 1% and 2% did not significantly affect the composition of the resultant cheese. Several investigators showed that using of freeze-shocked cultures did not affect the composition of Gouda cheese (Kim et al., 1994) , Bulgarian white brined cheese (El-Neshawy and Groiave, 1988) and Domiati cheese (Aly, 1996) . Addition of barley extract did not significantly affect the moisture, fat, total nitrogen and salt contents of the resultant cheese, but increased significantly the acidity compared with control. This was more pronounced with the increase in the level of barley extract added to the cheese. Similar results were obtained by Frey et al., (1986) in Cheddar cheese and Zaki and Salem (1992) in Edam cheese.
Ripening indices
As shown in Table( 2), the levels of water soluble nitrogen (WSN),non-protein nitrogen (NPN) and amino acid nitrogen (AAN) were found to increase significantly in UF Feta-cheese during ripening by the addition of both freeze-shocked L. delbrueckii subsp. helveticus (at levels of 1% and 2%) and barley extract (at levels of 0.05% and 0.1%). This was more pronounced in cheeses containing the higher levels of freeze-shocked cultures of barley extract. The higher level of WSN, NPN and AAN of the experimental cheeses could be explained on the basis that the freeze-shocked cells have been found to lyses in the cheese to a greater extent than the normal cells (Bartels et al., 1987) . This resulted in the greater release of intracellular enzymes: amino peptidases, dipeptidases and other peptide hydrolyzing enzymes (El-Soda el al., 1993) which accelerate the rate of proteolysis during cheese ripening. The proteolytic action of barley extract may be attributed to its richness in the dipeptidases, proteinase and carboxypeptidase enzymes (Frey, 1986 and Frey et al., 1986) . Table ( 2) also indicates that the incorporation of both freeze-shocked L. delbrueckii subsp. helveticus and barley extract significantly increased the levels of volatile fatty acids of the experimental cheeses during Means with the same letter in the same row are not significantly different. Significant at 0.05 levels (p 0.05). TN; total nitrogen NPN; non-protein nitrogen SN; soluble nitrogen AN; amino acids nitrogen TVFA; total volatile fatty acids (ml N/10 NaOH/100g) ripening. This was more significantly pronounced with the increase in the level of freeze-shocked L. delbrueckii subsp. helveticus or barley extract added to the cheese. The higher levels of the volatile fatty acids in the all treatments could be due to the higher levels of free amino acids which may serve as precursors for fatty acids (Nakae and Elliott, 1965) . Several investigators have shown that the addition of either freeze-shocked starter cultures (Bartels et al., 1987 , El-Neshawy and Groiave, 1988 and Aly, 1996 or barley extract (Zaki and Salem, 1992) to cheese milk slightly increased the levels of total volatile fatty acids in the resultant cheeses. This phenomenon may be attributed to formation of basic compounds from proteolysis, as reported previously (Novella-Rodriguez, et al., 2000) . Table ( 3) shows that the additions of either freeze-shocked L. delbrueckii subsp. helveticus or barley extract at different levels had some stimulating effect on bacterial growth. This was more marked with increasing the level of barley extract or freeze-shocked starter culture added to the cheese. This could be attributed to the increased level of simple nitrogenous compounds in cheeses (Table 2) which simulated the growth and activity of the micro flora of the cheeses. During the storage period, the Coliform bacteria and moulds and yeasts counts of UF Feta-cheese from different treatments were absent and such results reflect the hygienic standards and sanitary condition during production. Total bacterial counts were quantitatively the dominant groups, and change of their viable numbers was significant (P 0:05) throughout the ripening period (Manolopoulou, et al., 2003) .
Microbial content of cheese

Organoleptic properties:
The results in Table ( 4) shows that the flavour intensity of the cheeses treated with freeze-shocked L. delbrueckii subsp. helveticus or barley extract were higher than in control cheese at each period of ripening. It could be also observed that the flavour of treated cheeses developed earlier than the control. This was associated with a great improvement in the body characteristics of the treated cheeses. The effect of freeze-shocked culture or barley extract was proportional to the level of added culture of barley extract. Neither flavour detects nor bitterness were detected in all treated cheeses. Statistical analysis showed that differences in total scores of Feta-cheese as affected by addition of freeze-shocked culture of L. delbrueckii subsp. helveticus or barley extract were acids significant (P 0.05). This could be attributed to the higher levels of soluble nitrogen, and volatile fatty which are considered to be essential contributor for flavour development. The results of present study are in agreement with those of Aly (1996) for Domiati cheese , Kebary (1996) for Ras cheese and El-Neshawy & Groiave (1988) for Bulgarian white brined cheese who reported increased flavour intensity in the previous cheeses supplemented with freeze-treated lactobacilli.
Also, some workers have shown that incorporation of barley extract into cheese enhanced the flavour development and improved the body and texture of cheeses without causing flavour defect (Zaki and Salem 1992) . CONCLUSION The present study demonstrated that the addition of a freeze-shocked L. delbrueckii subsp. helveticus or barley extract preparation to enhance cheese ripening, increase the number of lactic acid bacteria and to improve the sensory properties of UF Feta-cheese.
